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Transportation & 
Storage UseProduction

Utilization of unused
resources

Production of 
lique�ed hydrogen

Mass transport of
lique�ed hydrogen

Long term storage of
lique�ed hydrogen

Hydrogen gas turbine
power generation

Fuel for
fuel cell vehicles

Stable supply of hydrogen is essential for our future hydrogen economy.

How do we secure large quantities of hydrogen? 

In answer to this question, Kawasaki is promoting the idea of transporting hydrogen in liquid form.

A large amount of hydrogen produced from untapped resources overseas is lique�ed by being cooled to -253°C. 

This reduces the volume to about 1/800 of hydrogen in a gaseous state, making it possible to transport it to Japan ef�ciently.

Thus, Kawasaki is currently developing the world’s �rst lique�ed hydrogen carrier, building on the know-how 

and technologies it acquired through the construction of Japan’s �rst lique�ed natural gas (LNG) carrier.

Kawasaki is working to develop the technological foundation of

a hydrogen energy supply chain—production, transportation, storage, and use. 

We believe that by handling hydrogen in a manner that is safe, stable, and affordable, we will be able to achieve an abundant life.

The road to that future is what we call the Kawasaki Hydrogen Road.
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Kawasaki’s Technology for Large-Volume,
Long-Term Lique�ed Hydrogen Storage

A special tank for large volume storage and a long term supply of 

lique�ed hydrogen (LH2) is absolutely essential in realizing a hydrogen-based society. 

One of the issues in storing large volumes of LH2 is that of suppressing the boiling off of cryogenic hydrogen (-253℃). 

Kawasaki has resolved this issue through its advanced thermal insulation technology,

resulting in Japan’s largest spherical LH2 storage tanks, each with a 540 m3 capacity.

Since 1994, they have been used for fuel storage for space rockets

at Tanegashima Space Center, which is operated by Japan Aerospace Exploration Agency.

This technology is being applied to the development of a larger 2,500 m3 storage unit, 

corresponding in volume to the amount needed to �ll the tanks of 30,000 fuel cell vehicles*.

Kawasaki is working to develop the technological foundation of

a hydrogen energy supply chainーproduction, transportation, storage, and use.

We believe that by handling hydrogen in a manner that is safe, stable, and affordable, we will be able to enhance the quality of life. 

The road to that future is what we call the Kawasaki Hydrogen Road.

* This estimate is based on the fact that the amount needed to �ll a fuel cell vehicle tank is 5 kg (0.07 m3).

Kawasaki’s Technology that Enables Long-Term, 
Large-Volume Storage of Lique�ed Hydrogen
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Kawasaki MAG Turbo
Single-Stage Sewage Aeration Blower 
with High-Speed Motor & 
Magnetic Bearing In recent years, various social challenges, including environmental concerns 

and a shortage of truck drivers, have been accelerating a modal shift in 

freight transport. Due to these factors, rail is attracting increasing societal 

attention. As a leading manufacturer of locomotives and freight cars, 

Kawasaki is making a steady contribution to promoting this modal shift.

About the Cover

Techno Box

Interviews with Today's Pioneers

Developing Engines for
an Era of Mass 
Air Transport

Today, companies are increasingly focused 

on upgrading their logistics strategies in an 

attempt to reduce inventory and achieve 

cost reductions. Another factor behind 

heightened interest in the transformation 

of logistics is a serious systematic shortage 

in the workforce of the trucking industry, 

which once accounted for 90% of the volume 

of domestic freight transport.

　To cope with the shortage, the Japanese 

government and the transport industry have 

been promoting a shift from road transport 

to other means ― a modal shift ― and rail is 

top of the list as an absorber of this shift. 

Japan Freight Railway Company (“JR 

Freight”), with its nationwide network, hap-

pens to be Japan’s sole rail freight entity.

　Yasutoshi Ohashi, head of Railway Busi-

ness Headquarters of JR Freight com-

ments, “Transport volume has been 

steadily increasing. Two of the driving 

factors are the enactment in November 

2016 of the Paris Agreement on climate 

change and shippers’ increased use of rail 

in order to reduce their environmental foot-

print.” Ohashi says that JR Freight has been 

receiving business inquiries even from 

medium-range-transport sector competitors, 

namely trucking companies and airlines.

　Rail offers a unique set of bene�ts, which 

includes an impressive volume of goods 

(the equivalent of 65 10-ton trucks) being 

transported by a single driver, which is also 

cost-effective; eco-friendliness, as freight 

trains emit only one-ninth of the amount of 

carbon dioxide as do trucks; and one of the 

world’s top punctuality ratings, achieving 

an arrival/departure punctuality score of 

94%, while traveling the equivalent of �ve 

times around the world on a daily basis. Cus-

tomers rate the company’s services highly, 

saying that with JR Freight, planning the 

receipt and dispatch of goods is easy, and 

because the company offers containers of 

various sizes, different packaging styles 

can be accommodated, which helps improve 

loading ef�ciency.

　The modal shift to rail is becoming an irre-

versible trend, compelling companies nor-

mally competing with each other to share 

freight space, and forcing mass retailers to 

combine into one shipment goods from sev-

eral vendors, in order to utilize rail freight 

and reduce overall logistics expenses. These 

developments demonstrate that strikingly 

unconventional strategies for streamlining 

logistics are being practiced.

　Locomotives and freight cars are integral 

components of rail freight transport that 

underpin its safety, high-speed operations, and 

punctuality. JR Freight operates on a nation-

wide network of rail lines totaling 7,967.9 km, 

and owns 430 electric locomotives, 160 

diesel locomotives, and 7,243 container 

cars. It also provides transport services for 

1,883 privately-owned freight cars (as of 

April 1, 2016).

　In conjunction with JR Freight, Kawa-

saki has been developing and manufac-

turing locomotives and freight trains, 

including the EF210 and the EF510 

(electric locomotives), which operate on 

the Tokaido Main Line and Sanyo Main 

Line, Japan’s main railway arteries; the 

M250 (express container train); and the 

DF200 (diesel-electric locomotive), which 

serves in a very cold region of Hokkaido 

Prefecture. In terms of bogies (trucks), 

locomotives manufactured by other com-

panies all use Kawasaki-made units.

Norio Sasaki

　Kawasaki also manufactures freight 

cars; the latest model of the Koki 107 

freight car, for example, accommo-

dates both compressed air and elec-

tric braking systems. Kawasaki is unde-

niably a leading developer and manu-

facturer of locomotives and freight cars 

in Japan.
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The EF510 operates between Katsurane Station and Araya Station on the Uetsu Main Line in Akita Prefecture

Main Players in 
the Modal Shift 
in Transportation:
Kawasaki’s Locomotives & Freight Cars

Kawasaki’s Locomotives & 
Freight Cars

Main Players in 
the Modal Shift 
in Transportation:

Supporting customers’ 
logistics strategies 
that bring about 
operational improvements



An underframe serves as a 
platform for the cargo. Welding is 
used in assembling the cut steel 
plates and other steel materials 
comprising the underframe. 
Robotic welding is used for 
welding the bolster beams which 
hold the bogies (trucks). 

Wheels, axles, and other basic 
parts used in making bogies are 
acquired from steel 
manufacturers.

Distortion resulting from welding 
of the cargo platform is measured 
and then the platform is heated to 
shape it into a perfect arch, a 
sophisticated technique derived 
from Kawasaki’s long-accumulated 
know-how.

Braking systems and pipes are 
installed to complete the bogie. 
This is a process to which utmost 
attention is paid, as it directly 
affects safety performance.

Metal connectors for securing 
containers, couplings, hand brakes, 
etc. are installed.

The underframe is then mounted 
on the bogie, completing the car, 
which has a load weight of 40.7 
tons, a dead weight of 18.6 tons, 
and is capable of traveling at 
110 km/h.

Manufacturing Processes of the Koki 107 Freight Car

Welding the underframe

Manufacturing the bogie

Measuring the camber

Outfitting the bogie

Outfitting the underframe

Completion

axle load limit (the weight placed on the 

rail by all wheels of one axle), in consid-

eration of the strength of tracks and 

bridges. Some countries outside Japan 

have axle load limits exceeding 20 tons. 

   Yamamoto comments, “There is no coun-

try in the world other than Japan which 

operates locomotives that haul freight cars 

with goods weighing up to 1,300 tons, and 

freight cars that can withstand such 

extreme weight, given all the constraints 

and technological challenges arising from 

narrow-gauge lines, a topography full of 

slopes and curves, and a variety of weather 

conditions. Japanese locomotives and freight 

cars are world-class.”

　Tetsuya Kawahigashi, 

who is engaged in the 

development and design 

of locomotives and freight 

cars at Kawasaki’s Rolling 

Stock Company, says, “We 

aspire to maximize the 

overall capabilities of loco-

motives and create the 

highest quality of freight 

cars.”

　 In developing the 

EF210 locomotive, Kawa-

saki introduced the con-

cept of “30-minute-rated 

output”. Rated output is a 

maximum output in a set 

period of time, but is usually repre-

sented in terms of an hour. The EF210’s 

one-hour-rated output is 3,390 kW. How-

ever, the EF210 achieves a 30-minute-rated 

output of 3,540 kW, which is higher than 

its one-hour-rated output.

　This improvement enables Kawasaki lo-

comotives to climb steep gradients without 

the support of auxiliary locomotives, 

thereby eliminating the need to switch loco-

motives and making freight transport more 

�exible in dealing with various operating 

environments. A variety of technologies 

support this enhancement, such as VVVF 

(variable voltage and variable frequency) 

inverter control and a three-phase AC 

　Kawasaki also manufactures freight 

cars; the latest model of the Koki 107 

freight car, for example, accommodates 

both compressed air and electric brak-

ing systems. Kawasaki is undeniably a 

leading developer and manufacturer of 

locomotives and freight cars in Japan.

Naoto Yamamoto, who oversees the loco-

motives and freight trains, says, “The speci-

�cations and standards we expect manu-

facturers to meet are extremely high.”

　This is because, as a freight operator, 

ensuring safe and stable operations is a 

must. Another reason for these high-level 

requirements is dictated by JR Freight’s 

operational style, as it is renting the 

nation’s network of passenger rail lines 

for its operation. High-speed capabilities 

and minimal malfunctions are prerequi-

sites for both locomotives and freight 

cars if they are to share rail lines with 

passenger trains operating on very con-

gested schedules, and achieve improved 

service at the same time. If one of the 

freight cars connected to a locomotive 

fails, it brings the entire train to a halt 

and impacts the network almost to the 

degree that a disconnected rail line 

would. Because these trains carry a large 

volume of goods, as well, such incidents 

can have a serious impact on society.

　Japan Railway Companies (operators of 

the railway network) require trains oper-

ating on regular lines to meet a 16.8 ton 

induction motor, resulting in a signi�cant up-

grade in overall performance. 

　A locomotive bogie is another product 

that must be fail-proof, and it is therefore 

packed with advanced mechanical technol-

ogy to ensure high rigidity, durability, and 

gear performance. Yamamoto notes that all 

bogies used for new locomotives at JR 

Freight are manufactured by Kawasaki 

because, “They are de�nitely the epitome 

of technological expertise backed by 

time-tested development know-how.”

With respect to development of new container 

cars, ingenious ideas are being introduced, 

including an underframe camber (a slight con-

vexity in the center of the underframe) to 

absorb the weight of the containers and 

improve the overall stability of the cars. Unlike 

box-shaped passenger cars, container cars are 

structured more “two-dimensionally,” and 

become less stable without containers, because 

the container weight works as a stabilizer. 

Kawasaki is also giving technological consid-

eration to the stability of container cars 

being operated with less than full payloads.

　The volume of transport service signi�-

cantly expands when maritime shipping con-

tainers can be transferred from ship to rail 

without unloading and reloading the con-

tents. However, because such containers are 

tall, when loaded onto container cars, they 

exceed height regulations. This has been 

hampering their wider application in the 

transport network. Yamamoto comments, 

“Development of container cars with lower 

�oors is very much needed, but there are 

many technological challenges to resolve, 

such as redesigning their overall structure. 

We are currently summoning all our exper-

tise to develop this new design.” 

　Speaking on Kawasaki’s approach to 

accommodating such customer needs, Kawa-

higashi says, “Locomotives and freight cars 

that rarely break down and require only 

simple and infrequent maintenance can 

render reliable performance for long peri-

ods of time. Such high-quality conveyances 

promote the expansion of customers’ trans-

port services, and that's why we make the
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* The world’s �rst application to two-stroke marine engines.

Naoto Yamamoto
Manager (Quality Control)
Rolling Stock Dept.
Railway & Business Headquarters
Japan Freight Railway Company

Tetsuya Kawahigashi
Manager
Domestic Engineering Section 3
Domestic Engineering Department
Domestic Project Division
Rolling Stock Company
Kawasaki Heavy Industries, Ltd.

Motokatsu Yoshizawa
Senior Manager
Eastern Region Marketing Dept.
Domestic Project Division
Rolling Stock Company
Kawasaki Heavy Industries, Ltd.
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Creating world-class 
locomotives and 
freight cars

Manufacturing focused on 
enhancing customers’ 
transport services

* Calculated based on the Committee Report on the Study on Global-Environmental Effect by Exhaust Gas from Ships and its Preventing Technologies (1999) by the Ship 
and Ocean Foundation (present-day “Ocean Policy Research Institute”) and statistics from the Organisation for Economic Co-operation and Development (OECD). 

The DF200 operates between Toya Station and Usu Station on the Muroran Line in Hokkaido Prefecture



Maritime shipping container 
direct transport service

“Sea & Rail” service

Cross docking services
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axle load limit (the weight placed on the 

rail by all wheels of one axle), in consid-

eration of the strength of tracks and 

bridges. Some countries outside Japan 

have axle load limits exceeding 20 tons. 

   Yamamoto comments, “There is no coun-

try in the world other than Japan which 

operates locomotives that haul freight cars 

with goods weighing up to 1,300 tons, and 

freight cars that can withstand such 

extreme weight, given all the constraints 

and technological challenges arising from 

narrow-gauge lines, a topography full of 

slopes and curves, and a variety of weather 

conditions. Japanese locomotives and freight 

cars are world-class.”

　Tetsuya Kawahigashi, 

who is engaged in the 

development and design 

of locomotives and freight 

cars at Kawasaki’s Rolling 

Stock Company, says, “We 

aspire to maximize the 

overall capabilities of loco-

motives and create the 

highest quality of freight 

cars.”

　 In developing the 

EF210 locomotive, Kawa-

saki introduced the con-

cept of “30-minute-rated 

output”. Rated output is a 

maximum output in a set 

period of time, but is usually repre-

sented in terms of an hour. The EF210’s 

one-hour-rated output is 3,390 kW. How-

ever, the EF210 achieves a 30-minute-rated 

output of 3,540 kW, which is higher than 

its one-hour-rated output.

　This improvement enables Kawasaki lo-

comotives to climb steep gradients without 

the support of auxiliary locomotives, 

thereby eliminating the need to switch loco-

motives and making freight transport more 

�exible in dealing with various operating 

environments. A variety of technologies 

support this enhancement, such as VVVF 

(variable voltage and variable frequency) 

inverter control and a three-phase AC 

　Kawasaki also manufactures freight 

cars; the latest model of the Koki 107 

freight car, for example, accommodates 

both compressed air and electric brak-

ing systems. Kawasaki is undeniably a 

leading developer and manufacturer of 

locomotives and freight cars in Japan.

Naoto Yamamoto, who oversees the loco-

motives and freight trains, says, “The speci-

�cations and standards we expect manu-

facturers to meet are extremely high.”

　This is because, as a freight operator, 

ensuring safe and stable operations is a 

must. Another reason for these high-level 

requirements is dictated by JR Freight’s 

operational style, as it is renting the 

nation’s network of passenger rail lines 

for its operation. High-speed capabilities 

and minimal malfunctions are prerequi-

sites for both locomotives and freight 

cars if they are to share rail lines with 

passenger trains operating on very con-

gested schedules, and achieve improved 

service at the same time. If one of the 

freight cars connected to a locomotive 

fails, it brings the entire train to a halt 

and impacts the network almost to the 

degree that a disconnected rail line 

would. Because these trains carry a large 

volume of goods, as well, such incidents 

can have a serious impact on society.

　Japan Railway Companies (operators of 

the railway network) require trains oper-

ating on regular lines to meet a 16.8 ton 

With the addition of the following three ser-

vices as primary offerings, Japan Freight Rail-

way Company has been expanding its portfo-

lio of rail transport services, including inter-

national freight services, by collaborating 

with overseas shipping and freight transport 

entities.

A rail transport service for 20-foot and 40-foot ISO 
import/export containers, using the Tohoku Express 
trains operating daily between Tokyo and Morioka, 
as well as other freight trains.

A door-to-door, integrated transport service con-
necting rail lines and high-speed ferries in order to 
transport 12-foot JR Freight containers, linking 
Busan and Seoul in Korea and Suzhou in China with 
Japanese cities nationwide. This service aims to 
achieve “transport that is faster than by sea and 
cheaper than by air.”

At freight sheds located next to Tokyo Station, 
Yokohama Station, and stations serving other major 
ports, cargo from ships is unloaded and immedi-
ately reloaded onto 12-foot rail containers. This 
cross-docking enables customers to import bulk 
goods using maritime shipping containers and reload 
them into 12-foot containers for nationwide distri-
bution, achieving streamlined logistics.

full understanding of customer require-

ments a high priority.”

　Motokatsu Yoshizawa, who is in charge 

of Kawasaki’s sales activities for JR Freight, 

says, “Building locomotives and freight cars 

that last for 30 or 40 years and remain 

ef�cient in harsh operating environments 

has been achieved only through the ongo-

ing, united efforts between JR Freight and 

Kawasaki. I’d like to make the value of such 

partnerships more widely known.”

　Commenting on Kawasaki’s role in sup-

porting railway transport as social infra-

structure, Yoshizawa says, “We are com-

mitted to building a solid relationship of 

trust with our customers and dedicating 

ourselves to ensuring that our work is of 

the highest caliber. As a manufacturer 

offering an extensive lineup of transport 

products ― from locomotives, freight cars, 

and shinkansen cars, to transportation 

systems covering land, sea, and air ― 

I think it is our duty to utilize our extensive 

line-up of products and services in an inte-

grated manner.

Telephone: +81-3-5367-7399
URL: www.jrfreight.co.jp/english/index.html

Japan Freight Railway Company
Sales Department, Global Logistics
Division, Headquarters: 
Daisuke Yamaji, Tomofumi Sato,
Tatsuo Uenuma

Sales Department, Warehouse &
Trade Firm Division, Headquarters:
Masaya Narita, Manabu Hatta
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Taking Modal Shift to 
the Next Level

Offering a Variety of Services 
Using a Widespread Network

Tokyo Freight 
Terminal Station

Sumidagawa 
Station

Sendai

Osaka

Okayama Niigata

Nagoya

Sapporo

Fukuoka

Tokyo→Seoul

3 days

SEA & RAIL

Tokyo→Suzhou

4 days

SEA & RAIL

A 31-foot container 
loadable onto a 10-ton truck

Looking 
Forward to 
Tomorrow

Station Station
Railway

■ Rail Freight System

Freight forwarders are responsible for collecting goods and transporting them to rail 
stations, as well as picking goods up at stations and delivering them to their final destina-
tions. By working together, we complete a door-to-door transport loop. 

Punctuality
rate:

94％

DeliveryCollection

Takamatsu

Hiroshima

We consider expediting modal shift to be a vital initiative 

for companies to pursue in addressing environmental and 

energy issues, beyond considerations for private gain.

　To that end, JR Freight has developed a 31-foot container 

loadable onto 10-ton trucks, increased the frequency of 

operations on high-volume transport lines, and formulated 

strategies to promote the use of rail transport by 

customers desiring to transform their logistics by �nding 

more ef�cient ways to transport low- to medium-volume 

goods. We also improved cargo collection systems, 

constructed a large transport hub at the Tokyo Freight 

Terminal Station, and took various other measures to 

enhance our services.

　What our customers expect of us is to see their cargo 

transported safely, without fail, expeditiously, and 

inexpensively. The development of new models of 

locomotives and freight cars is one of our key initiatives to 

meet those expectations. Our freight trains have already

achieved their maximum speed of 110 km/h on main lines, 

thanks to our collaborative efforts with Kawasaki.

　Of course, there are yet many challenges to resolve, 

including improvement of high-speed locomotives, 

development of AC/DC dual‐current locomotives that can 

operate nationwide in a uni�ed, standard manner, and 

safer and more driver-friendly locomotives utilizing IT. 

Therefore, we expect much from Kawasaki.

　Kawasaki is always innovative in designing new freight 

trains and, at the same time, honest in dealing with 

problems when they arise and conscientious in the way 

they remedy them. Such an approach provides strong 

support for our business.

　In the future, JR Freight will be collaborating with 

Kawasaki in building an overseas freight transport 

network. We would like Kawasaki, as our key partner, to 

work with us in developing locomotives and freight cars 

that best meet local requirements.

Senior Managing Director, Chief Safety Management Of�cer,
Railway Business Headquarters, Japan Freight Railway Company

By Yasutoshi Ohashi

High Expectations for Kawasaki 
as Our Key Partner

A Customer's  Voice

Please contact personnel 
at the number below, 
if you are interested in 
JR Freight's new 
international freight services.

Tokyo Freight Terminal Station serves as one of JR Freight’s transport hubs (located in Shinagawa Ward, Tokyo)



Developing Engines for
an Era of Mass Air Transport
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A staggering number of commercial aircraft travel the skies 
in our current era of mass air transport, and Kawasaki has played an 
essential role in the development of the engines that power these planes.

Kawasaki has re�ned its techniques and 

technologies over the years through 

numerous international joint development 

projects, and the Company is now widely 

considered to be an essential partner in the 

development of new engines for civil aircraft. 

　In 1971, research and development for 

aircraft jet engines was begun under the 

initiative of the Agency of Industrial Science 

and Technology——forerunner to the current 

National Institute of Advanced Industrial 

Science and Technology——under the then 

Japanese Ministry of International Trade and 

Industry. The FJR710 engine, developed with 

the participation of Kawasaki and others, was 

installed on the short takeoff and landing 

(STOL) aircraft Asuka, earning praise from 

around the world for its performance. This 

effort led to an international joint research 

project in 1983 to develop the V2500 engine 

for 150-seat aircraft, and later Kawasaki 

participated as an RRSP* in international joint 

development projects with American 

company Pratt & Whitney (P&W) and British 

company Rolls-Royce Limited.

　Later, Kawasaki went on to join other 

projects, helping to create the Trent 1000 

engine for the Boeing 787 aircraft, the Trent 

XWB for the Airbus A350 XWB, the 

PW1100G-JM for the Airbus A320neo, the 

PW1500G and PW1900G for regional jet 

aircraft, and the Trent 7000 for the Airbus 

A330neo.  Kawasaki  has  played an 

important role in developing engines for 

many of the world's major aircraft that 

travel the skies today.

　In the area of production technologies for 

engine parts, the Company has achieved a 

�exible manufacturing system (FMS) that 

integrates production and control systems 

throughout all phases of the production 

process. Kawasaki's FMS was developed 

jointly by the Jet Engine Division and 

Factory Automation and Robotics Division, 

and embodies the essence of the "All 

Kawasaki" approach.
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* RRSP: Risk and revenue sharing partner. A 
partner that takes on a certain share of the 
project's risk in terms of development costs, 
production costs and so forth, and then receives 
a share of the revenues equivalent to the 
proportion of the risk borne.

1985

2004

2011

1983

Epoch
Maker

Kawasaki took part as an RRSP for the �rst 
time in this joint development and production 
project with P&W, creating the casing, shafts, 
seal rings ( to minimize leakage of air,  
high-temperature gas and so forth), vanes 
(stator vanes) and other parts. The PW4000 
has been installed on the Boeing 747, 767 and 
777; the Airbus A300, A310 and A330; and 
other aircraft.

Kawasaki's First Project 
as an RRSP

PW4000

Kawasaki joined as an RRSP in this joint development and 
production project with Rolls-Royce, this time taking part in the 
project from the design phase onward as a developer of the 
engine's intermediate pressure compressor (IPC) module. The 
IPC module is an important section of the engine located 
between the fan and the high-pressure compressor (HPC), 
where it further compresses by seven times the pressurized air 
sent in via the fan. In addition to helping with design, 
production and assembly, Kawasaki participated in a portion of 
the engine testing operations carried out as part of the develop-
ment program. The Trent 1000 is used on Boeing 787 aircraft.

RRSP for IPC 
Module Development

Trent 1000

Kawasaki is responsible for the development, 
production and maintenance of the fan, low-pressure 
compressor (LPC) and other primary components for 
this engine, which is used in the A320neo, Airbus SAS's 
cutting-edge passenger jet. The PW1100G-JM is a 
geared turbofan engine utilizing an advanced gear 
system that rotates the fan at slower speeds than the 
LPC and low-pressure turbines. The advantages of 
employing leading-edge materials and component 
technologies include greater combustion ef�ciency, 
reduced exhaust gas emissions and quieter operation.

Joint Development of 
the V2500's Successor

PW1100G-JM

The V2500 was realized through a joint 
development project involving organizations 
from �ve countries, including Japan, the 
United States and several in Europe. Kawasaki 
took part as a member of Japan's project 
representative organization, the Japanese 
Aero Engines Corporation (JAEC), handling the 
design and production of fan casing, the 
low-pressure compressor (LPC), accessories 
and equipment piping parts. This engine has 
been installed on the Airbus A320 among 
other aircraft.

International Joint 
Development Project

V2500

Courtesy of JAEC

Courtesy of JAEC

©Rolls-Royce

IPC module



Takahiro Aota
Commentary

Blower Engineering Section, Aero-Dynamic Machinery Department
Machinery Division, Kawasaki Heavy Industries, Ltd.

Senior Staff Of�cer (left)

Yuji Kinoshita Assistant Manager (right)

Aeration blowers are installed at sewage treatment plants to supply air to 

biological reaction tanks, where organic matter contained in wastewater is 

decomposed. Aeration blowers are one of the key facilities in sewage treatment, 

and they come in various types, including turbo blowers and positive displace-

ment blowers. The existing types of blowers are all mature machinery: no major 

changes to their basic structure had been made until the Kawasaki MAG Turbo 

introduced a technological innovation.

  After the �rst MAG Turbo was delivered to a sewage treatment plant in Gifu 

City, Japan, in 2006, the number of units installed at sewage treatment plants 

around the country grew steadily and soon reached 130. The MAG Turbo now 

commands an overwhelming share of single-stage blowers (one impeller). Aota, a 

senior staff of�cer at Kawasaki, says, “When customers see the MAG Turbo for 

the �rst time, they are truly amazed.”

  The reasons for the high evaluation include its compact size, energy ef�ciency, and 

excellent maintainability requiring almost no maintenance. The high-speed motor 

featuring magnetic bearings is �tted with an impeller and driven by an inverter. 

Unlike conventional-type blowers, the MAG Turbo does not require a lubricant and 

other auxiliary facilities due to the lack of mechanical contact. It is a compact pack-

age, including even the overall control system, and it is optimized as a total system.

  One sewage treatment plant has estimated that the MAG Turbo reduced its annual 

power consumption by approximately 12% compared to its previous blower, which 

had the same capacity. With the MAG Turbo, it is also possible to install the blower 

and control equipment separately, offering greater �exibility in installation.

  The air volume that a blower is required to provide varies with the season, 

weather, day of the week, and time of day. To allow for this variation, sewage treat-

ment plants have a number of blowers, including spare units, and they operate 

different numbers of blowers and adjust the air�ow according to the required air 

volume. The MAG Turbo, which is compact, energy ef�cient, and easy to maintain, is 

attracting increasing attention and reputation precisely for this reason.

  Although blowers are not high-pro�le equipment, they bring major ben-

e�ts by being environmentally friendly and helping make our lives safer 

and more comfortable.

Kawasaki MAG Turbo
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Numerous Outstanding Features 
Achieved Through Technological Innovation
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Single-Stage Sewage Aeration Blower 
with High-Speed Motor & Magnetic Bearing

The rotor is supported by magnetic 
bearings and has an impeller 
attached directly to the end of its 
shaft. It is �nished with high 
precision after being properly 
heat-treated and is suf�ciently 
durable to withstand long-term use.

Rotor

The high-speed motor contains a 
rotor that rotates at a high speed. 
It is integrated with magnetic 
bearings. The rotation speed is 
variable via inverter control, which 
optimizes the speed according to 
the inlet condition.

High-speed motor

The impeller is attached to the shaft end of the 
high-speed motor’s rotor. The impeller is rotated at a high 
speed as it compresses the air entering through the inlet, 
then sends the compressed air to the outlet. The design of 
the impeller’s shape and air channel has always been one 
of the most advanced technical challenges. In recent 
years, Kawasaki brought together its aerodynamic 
technologies and successfully developed a new type of 
high-ef�ciency impeller called HYSET, which achieved 
even greater ef�ciency.

Impeller

Magnetic bearings (electromagnets) are one of the 
core technologies of the MAG Turbo. The 
high-speed motor’s rotor is levitated by the 
magnetic force (the force exerted by the magnets 
trying to attract the rotor in either direction) of 
electromagnets. The bearings consist of two radial 
magnetic bearings and one thrust magnetic 
bearing. The magnetic bearings minimize 
mechanical loss, and therefore power consumption 
is reduced. Since there is no need for a lubricant, 
related equipment and maintenance are also not 
required, considerably reducing the maintenance 
requirement for the overall unit.

Magnetic bearings

Inlet guide vanes ef�ciently control the 
air volume by changing their angles in 
tandem due to the rotation ring, causing 
the suction air�ow to swirl. They are 
made to withstand long-term use.

Inlet guide vanes

Various layout options: a compact design 
for installation in any space

The Kawasaki MAG Turbo consists of a blower, magnetic 
bearing controller, inverter (alters the frequency and voltage 
of supplied power to control the rotation speed of the 
high-speed motor), and other components. Each component 
is compact and has a small footprint. Another major 
characteristic is that the blower and control equipment can 
be installed separately, providing the �exibility to 
accommodate various installation conditions.

Magnetic bearing controller

Inverter

Blower

Filter

Inlet

Outlet
Biological reaction tank

It is free from 
oil leakage since 

lubrication is not required, 
it is environmentally friendly, 

and it is economical 
since it can go without 

maintenance for 
many years!

Supplies air

Low vibration,

low noise,

and high speed!

We developed
an ideal shape
that facilitates
the �ow of air!

Kawasaki Technology

Magnetic
bearing
controller

Position
sensors

Control signal

Several
hundred
micrometers

Magnetic
bearing
(electromagnet)

Magnetic bearings levitate the rotor with 
the magnetic force they exert. The 
clearance between the rotor and the 
electromagnets is extremely small. The 
magnetic bearing controller uses position 
sensors to accurately determine the rotor’s 
position relative to the X, Y, and Z axes at 
all times. The rotor is maintained in its 
reference position by controlling the 
amount of electric current provided to the 
magnetic bearings.

Micron-level Control 
with Magnetic Bearings

High
speed
motor



Norio
Sasaki
Give Them Credit for Tackling Challenges, 
Don’t Scold Them for Mistakes
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Born in 1958, in Obanazawa City, Yamagata 
Prefecture, Japan. He played as a mid�elder 
for several teams. After retiring as a player, 
he became head coach of Omiya Ardija in 
1998, and then served for nine years as head 
coach of Japan Women’s National Football 
Team, beginning in 2007, after becoming one 
of the team’s coaches in 2006. His career is 
studded with great achievements: Nadeshiko 
Japan �nished as one of the top four teams at 
the 2008 Summer Olympics in Beijing, were 
t h e  v i c t o r s  a t  t h e  E A F F  W o m e n ' s  
Championship (present-day EAFF Women’s 
East Asian Cup) in 2008 and 2010, were 
champions of the FIFA Women's World Cup 
Germany 2011, Silver Medalists in the 2012 
Summer Olympics in London, and runner-up 
in the FIFA Women's World Cup Canada 2015. 
In 2011, Sasaki became the �rst Asian 
recipient of the FIFA World Coach of the Year 
for Women’s Football award.

The year 2008 marked the 30th anniversary 

of the founding of Japan’s National Women’s 

Football Team. In that milestone year, the 

team, which had never won a competition, 

seized the East Asian Football Federation 

(EAFF) Women’s Championship (present-day 

EAFF Women’s East Asian Cup) after winning 

all three games. This glorious headline was 

made only two months after Sasaki became 

the team’s head coach.

   Recalling those initial years, Sasaki com-

ments, “In those days, women’s football 

relied on power and speed, but the members 

of Nadeshiko Japan had superior skills of 

observation and attentiveness. I was con�-

dent that they could become World Cham-

pion if these advantages could be lever-

aged.” The tactic Sasaki chose for the team 

was the “zone defense,” whereby the 

defenders channel the opponents into the 

center from the outside. This strategy was 

diametrically opposite to what was standard 

at that time, but in fact best suited the capa-

bilities of the team and its members.

   “If the ball is lofted from the outer side, the 

players have to perform ‘air �ghts’ in front 

of the goal, which was not an advantageous 

situation for Japanese players who were 

generally shorter than their opponents. We 

pushed the defense line up to make the 

defense more compact, forcing our oppo-

nents into the packed inside area in order to 

gain possession of the ball, so that we could 

instigate a counter-attack. I assigned Homare 

Sawa to play ‘volante’ (defensive mid�elder) 

speci�cally for this strategy. She was excel-

lent at gaining possession of the ball, and 

performed her best when going forward, 

facing the goal. But initially, when the new 

tactic was introduced, she was worried that 

she would lose her chance to play, being an 

offensive player.”

   The team’s journey after Sasaki became 

head coach is impressive: In three con-

secutive competitions, the team was a 

�nalist in three major international football 

tournaments. Their winning the World Cup 

in 2011 surprised the world, and as a 

result Sasaki became the �rst Asian recipi-

ent of the FIFA World Coach of the Year for 

Women’s Football award.

Sasaki thinks coaching football is akin to 

operating a business: “A head coach’s job is 

to prepare for the game, and although I 

choose which strategy to take, at the end of 

the day, it is individual players who make the 

decisions during a game.” To be speci�c, for 

an organization to yield good results, leaders 

must draw out the strengths of the players 

and motivate them to tackle challenges, as 

well as coordinate individuals’ efforts.

    “For my �rst 18 months as head coach, I 

hammered into them basic theories and 

principles in order to establish a foundation 

for executing strategies. It was a ‘triangular’ 

approach, involving preparation, practice, 

and review, using an audio-visual aid. I 

would say that, at this stage, the team’s staff 

took the initiative 80% of the time and the 

members, the remaining 20%.”

   During this time, Sasaki was careful not to 

scold the players all the time for their mistakes, 

so that they would not cringe. He also made 

sure not to discourage those who were moti-

vated to boldly take on challenges, by lauding 

their pro-active attempts even if they failed.

　The next step was to encourage the mem-

bers to think individually but to discuss things 

as a team. “So, I let the members lead meetings 

and �gure out for themselves what their chal-

lenges were and how to resolve them. We pro-

vided clues and support, but by this time, the 

members were taking the initiative 60% of the 

time and the staff, the remaining 40%.” This 

transition motivated the members to start 

communicating with each other voluntarily, 

Identify Strengths and 
Weaknesses to Draw Out 
Potential for Growth

Upgrading Collective 
Intelligence to Become a 
Winning Organization

which led to the inception of collective intelli-

gence within the team. “We are all engaged in 

both defense and offense. Collective intelli-

gence allowed them to connect with each 

other and perform ‘social football.’” 

   All these years, Sasaki never lost his cool, 

thoroughly performed analyses, and provided 

extensive and logical explanations to his team. 

He also patiently waited for the members to 

grow. He respected his staff and listened to 

them. He also took time to study medicine, so 

as to understand the physical and psychologi-

cal differences between men and women. 

These may be on every leader’s to-do list, but 

it is never easy to put into practice. Sasaki 

talks about his experience somewhat noncha-

lantly, but “Nori-san,” –as everybody calls 

him– is a gentle and patient man, equipped 

with exceptional coaching skills and the tenacity 

to make painstaking efforts. Otherwise, this win-

ning organization with such prowess – which 

people describe as “Nadeshiko power” – would 

never have been born. 

   Where Sasaki will next demonstrate his 

coaching capability is not yet known. How-

ever, he is certainly a brilliant leader from 

whom we can expect great achievements 

that are well worth noting.

Norio Sasaki is a former head coach of the Japan Women’s National Football Team (a.k.a., 

Nadeshiko Japan), renowned for leading the team to win the World Cup Championship in 2011. 

He resigned in March 2016, despite the public’s hope for continuation. His organizational 

management theory, however, continues to inspire not only leaders in the world of sports but 

also top executives, as its applicability to business strategies is extremely effective.

Norio Sasaki

Today's 
 withInterviews

Pioneers
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The completion of a new plant at Nagoya 

Works 1 to produce fuselages for the 777X, 

Boeing’s cutting-edge, large passenger air-

plane was recently announced. Kawasaki held 

a ceremony on February 1, to commemorate 

the plant’s completion.

  Construction of this new facility commenced 

in September 2015, on the grounds of the 

North Plant of Nagoya Works 1. Kawasaki is 

responsible for manufacturing the forward 

fuselage, center fuselage, main landing gear 

wheel well, aft pressure bulkhead, and cargo 

door sections of the 777X, and the new plant 

will be used for forward and center fuselage 

panel assembly. Full-out production equip-

ment installation work was started in 

February, with the aim of beginning actual 

production operations in June.

  The new plant further advances facility au-

tomation through the introduction of newly 

developed equipment utilizing the latest in 

image sensing technologies and control tech-

nologies, which were developed with the 

entire Company working as a uni�ed team. 

The new equipment includes Kawasaki-made 

robots capable of automatically detecting 

bore points and carrying out boring opera-

tions, auto riveters with an expanded operat-

ing range, and other such equipment. 

Moreover, the assembly lines will incorporate 

the Kawasaki Production System* to achieve 

high-quality, high-ef�ciency production op-

erations. Kawasaki will also proceed with the 

improvement of facility infrastructure, includ-

ing ICT, IoT (Internet of Things), and other 

technologies, with the goal of transform-

ing it into a smart factory.

Kawasaki announced recently that the Fac-

ulty of Medicine of Chulalongkorn Univer-

sity (MDCU) in Thailand had performed a 

cell therapy of knee cartilage using mesen-

chymal stem cells cultured by AUTO CUL-

TURE*, an automated cell processing system 

developed by Kawasaki. Kawasaki and 

MDCU have been collaborating in a joint 

research project to automate the process of 

culturing mesenchymal stem cells using 

AUTO CULTURE. This is the world’s �rst 

clinical study using cells cultured by robot 

automation.

  Kawasaki participated in a regenerative and 

cell medicine project jointly promoted by the 

New Energy and Industrial Technology Devel-

opment Organization (NEDO) in Japan and 

the Ministry of Commerce of Thailand 

(2011-2013)** and has installed AUTO CUL-

TURE at MDCU. Under a collaborative 

research agreement, Kawasaki and MDCU 

have been conducting demonstration experi-

ments aimed at automated culturing of 

human cells and their use in actual therapy, 

and MDCU has now performed a cell therapy 

based on the “articular cartilage de�ciency 

restoration method using autologous mesen-

chymal stem cells” developed by Dr. 

Shigeyuki Wakitani, a professor at Mukogawa 

Women’s University in Japan. MDCU will con-

tinue the clinical study using cells cultured by 

AUTO CULTURE, with the aim of raising the 

level of medical technology and welfare in

Thailand through the veri�cation of thera-

peutic results.

  AUTO CULTURE has succeeded in auto-

mating the process of culturing high-quality 

cells using advanced robotics technologies. 

In clinical applications of regenerative 

medicine, cells are collected from the 

patient, increased by culturing, processed 

as necessary, then transplanted to the 

affected area. Since cell culturing and pro-

cessing facilities (CPFs), where cells for clini-

cal application are cultured, assume that the 

culturing will be done manually, the pro-

cessing rooms must be maintained at a 

very high level of cleanliness, and highly 

skilled culturing technicians are required. 

These requirements make it extremely 

expensive to construct and maintain CPFs, 

with the added burden of having to train 

technicians. These obstacles are impeding 

the widespread use of regenerative medi-

cine. AUTO CULTURE resolves these issues 

through robotic culturing inside a system 

maintained at an extremely high level of 

cleanliness, thus contributing to the safe 

and low-cost clinical application of regen-

erative medicine.

  Based on technologies cultivated through 

this project in Thailand, Kawasaki is currently 

developing a more ef�cient version of AUTO 

CULTURE, which is scheduled to be launched 

in a few years.

* Kawasaki Production System (KPS): Based on the 
Just-In-Time system, the KPS uses Kawasaki’s 
proprietary logical production management 
techniques, which were developed and proved 
effective in-house by being applied to production 
lines. The system can be implemented in any 
production line, regardless of whether it is a 
mass-production or made-to-order production line.

* AUTO CULTURE: Registered trademark of Kawasaki
** Regenerative and cell medicine project: An international research, development, and demonstration project 
in environmental and medical �elds; international research and development on advanced medical 
equipment systems and their demonstration; and research and development on regenerative and cell 
medicine technologies and optimization of manufacturing infrastructures.

Manufacturing Milestone: 2,000 Rail Cars Produced at US Plant 

Cells Cultured by Automation Used for Groundbreaking Clinical Study

New Plant for the Boeing 777X

Earlier this year, Kawasaki announced that 

group company Kawasaki Motors Manufac-

turing Corp., U.S.A. (KMM), based in Lincoln, 

Nebraska, had achieved the manufacturing 

milestone of 2,000 rail cars. To celebrate the 

milestone, a commemorative event was held 

on February 1. The 2,000th rail car was a 

7000-series subway car built for the Wash-

ington Metropolitan Area Transit Authority.

  KMM’s Lincoln plant began operations in 

2001, as the Kawasaki Group’s second rail car 

manufacturing plant in the United States, and 

the facility’s integrated production system 

handles everything from car body production 

to �nal assembly. Lincoln reached a cumula-

tive manufacturing total of 1,000 rail cars in 

February 2010, and in December of the same 

year, KMM expanded the production line, 

added testing facilities and made other 

upgrades to the plant.

  In recent years, the Lincoln plant has pro-

duced subway trains for the Metropolitan

Transportation Authority, commuter trains 

for Metro-North Railroad, and otherwise 

responded to strong American market 

demand in this �eld. Furthermore, KMM is 

focused on locally-based manufacturing, 

intentionally procuring U.S.-produced parts, 

thus contributing to an increase in local 

employment. These cars are highly rated by 

our clients for their superior quality, and meet 

all “Buy America” requirements. Kawasaki is 

pursuing renewal projects for existing rolling 

stock, transport capacity enhancement plans, 

and other such endeavors in the United 

States, with a primary focus on the Northeast 

Corridor, and even greater demand for rail car 

production is expected in the future.

100th Unit of CH-47J/JA Transport Helicopter Delivered

In January, Kawasaki announced that 

they had delivered the 100th unit of the 

CH-47J/CH-47JA transport helicopter to 

the 1st Helicopter Brigade of the Japan 

Ground Self-Defense Force (JGSDF). 

Kawasaki produces the helicopter for the 

JGSDF and the Japan Air Self-Defense 

Force (JASDF).

  Introduced by the JGSDF to replace the older 

V-107 transport models, the CH-47J/JA is a 

tandem rotor helicopter with rotor blades in 

both the Forward and Aft. This model has a 

large ramp door in the Aft Section to facilitate 

easy loading/unloading of cargo and so forth, 

and it performs excellent maneuverability and

stability. The CH-47J/JA is used for disaster 

relief, personnel transport, international mis-

sions and a wide range of other operations.

  Kawasaki launched the production of the 

CH-47J under the license 

from the Boeing Company 

in the United States in 

1984. Since FY 1986, 

Kawasaki has delivered a 

total of 69 units of both the 

CH-47J and the CH-47JA 

(an upgraded version of the 

CH-47J equipped with a

larger fuel tank to enable 

greater �ight range) to the

JGSDF. Between FY 1986 and FY 2012, the 

company also delivered 31 units to the 

JASDF.
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Transportation & 
Storage UseProduction

Utilization of unused
resources

Production of 
lique�ed hydrogen

Mass transport of
lique�ed hydrogen

Long term storage of
lique�ed hydrogen

Hydrogen gas turbine
power generation

Fuel for
fuel cell vehicles

Stable supply of hydrogen is essential for our future hydrogen economy.

How do we secure large quantities of hydrogen? 

In answer to this question, Kawasaki is promoting the idea of transporting hydrogen in liquid form.

A large amount of hydrogen produced from untapped resources overseas is lique�ed by being cooled to -253°C. 

This reduces the volume to about 1/800 of hydrogen in a gaseous state, making it possible to transport it to Japan ef�ciently.

Thus, Kawasaki is currently developing the world’s �rst lique�ed hydrogen carrier, building on the know-how 

and technologies it acquired through the construction of Japan’s �rst lique�ed natural gas (LNG) carrier.

Kawasaki is working to develop the technological foundation of

a hydrogen energy supply chain—production, transportation, storage, and use. 

We believe that by handling hydrogen in a manner that is safe, stable, and affordable, we will be able to achieve an abundant life.

The road to that future is what we call the Kawasaki Hydrogen Road.
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Kawasaki’s Technology for Large-Volume,
Long-Term Lique�ed Hydrogen Storage

A special tank for large volume storage and a long term supply of 

lique�ed hydrogen (LH2) is absolutely essential in realizing a hydrogen-based society. 

One of the issues in storing large volumes of LH2 is that of suppressing the boiling off of cryogenic hydrogen (-253℃). 

Kawasaki has resolved this issue through its advanced thermal insulation technology,

resulting in Japan’s largest spherical LH2 storage tanks, each with a 540 m3 capacity.

Since 1994, they have been used for fuel storage for space rockets

at Tanegashima Space Center, which is operated by Japan Aerospace Exploration Agency.

This technology is being applied to the development of a larger 2,500 m3 storage unit, 

corresponding in volume to the amount needed to �ll the tanks of 30,000 fuel cell vehicles*.

Kawasaki is working to develop the technological foundation of

a hydrogen energy supply chainーproduction, transportation, storage, and use.

We believe that by handling hydrogen in a manner that is safe, stable, and affordable, we will be able to enhance the quality of life. 

The road to that future is what we call the Kawasaki Hydrogen Road.

* This estimate is based on the fact that the amount needed to �ll a fuel cell vehicle tank is 5 kg (0.07 m3).

Kawasaki’s Technology that Enables Long-Term, 
Large-Volume Storage of Lique�ed Hydrogen

Special Feature

Main Players in 
the Modal Shift 
in Transportation:
Kawasaki’s Locomotives & Freight Cars


